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NaCN and super acidic conditions (F 3 CSO 2 OH-SbF 5 ), 5 while various oxidizing agents, such as Na2Cr2O7 in water, 6 K2Cr2O7 in DMF, 7 CrO3 on silica gel, 8 NCS-TEMPO, 9 tetrapropylammonium perruthenate (TPAP) 10 and nitroxyl radical oxidaizing agent, 11 have been utilized to convert primary alcohols to aldehydes.
Interestingly, along with these general methods for the synthesis of aromatic aldehydes, the conversion of aromatic amino acids into aromatic aldehydes has also been pursued. 12 Hendel and co-workers recently reported that 4-hydroxyphenylglycine was diazotized in an acidic medium with sodium nitrite, followed by hydration to afford corresponding mandelic acid, 13 which was then transformed into 4-hydroxybenzaldehyde in the presence of metal or hydroxide as a catalyst (Scheme 1). 14 Other methods such as oxidation of hydroxyphenylglycine using metal catalysts or the coupling reaction of aromatic amino acid and pyruvic acid derivatives also generated corresponding aromatic aldehydes, but these methods resulted in low yields due to a high proportion of by-products. 15 Despite the numerous methods for synthesizing various aromatic aldehydes reported in the literature, the significant drawbacks to these methods have created a demand for an improved method. For example, the previously reported methods, such as formylation, require longreaction times, toxic reagents, and tedious workup procedure. A more serious drawback is that the products of these methods are usually a mixture of the desired formyl compound with the undesired carboxylic acid compound.
In recent years, we have explored the use of substituted 4-hydroxyphenylglycines (4-HPG) as building blocks for the development of new peptide drugs. During these studies, we were surprised by our observation that 4-HPG was converted into 4-hydroxybenzaldehyde (4-HBA) under HNO3/H2O system in a single step with high purity. Moreover, we could transform 4-HPG into 4-HBA, 3-nitro-4-HBA, 3,5-dinitro-4-HBA, or picric acid by altering the reaction temperatures and times. Herein, we describe this efficient one-pot method to synthesize 4-HBA and its derivatives from 4-HPG using aqueous nitric acid.
We initially identified this method while attempting to synthesize 3-nitro-4-HPG from 4-HPG using standard nitration conditions. 16 To our surprise, when we reacted 4-HPG with 20% nitric acid at 40 o C for 12 hr, we obtained 3-nitro-4-HBA instead of 3-nitro-4-HPG. This unexpected result prompted us to investigate whether nitration in aromatic ring is occurred prior to the conversion of the amino acid group in 4-HPG into the aldehyde group. When 4-HPG was reacted with 20% nitric acid at room temperature for 1 hr, 4-HBA was obtained almost exclusively (4-HBA : 3-nitro-4-HBA = 93 : 7). However, when the reaction was extended to 24 hr, 4-HBA was gradually nitrated to yield a higher proportion of 3-nitro-4-HBA (4-HBA : 3-nitro-4-HBA = 48 : 52). This result confirmed that 4-HPG was first converted into 4-HBA, which was then nitrated to afford 3-nitro-4-HBA by electrophilic aromatic substitution.
With these initial results in hand, we next examined reaction parameters, such as nitric acid concentration, reaction temperature, and reaction time, to determine optimal conditions for selective preparation of 4-HBA, 3-nitro-4-HBA and 3,5-dinitro-4-HBA. The results are summarized in Table 1 . Four different nitric acid concentrations (50%, 20%, 10%, and 5%) were first tested with 4-HPG at room temperature for 12 hr (entries 1-4). As expected, the higher nitric acid concentrations yielded more 3-nitro-4-HBA than 4-HBA, while the 10% nitric acid concentration condition produced a limited amount of pure 4-HBA product with a large quantity of unreacted starting material. The optimal condition for selective 4-HBA formation was identified when the reaction was conducted with 20% nitric acid concentration at room temperature for 12 hr. Despite a large quantity of starting material recovered under this condition, it resulted in 50% yield, the highest we observed (entry 3).
The reaction temperature had a profound effect on the conversion of 4-HPG into the corresponding aldehyde derivatives in the presence of 50% nitric acid. Even though an approximate 1:1 mixture of 4-HBA and 3-nitro-4-HBA was obtained from the reaction conducted at room temperature for 12 hr, the same reaction conducted at 60 o C for 12 hr afforded pure 3-nitro-4-HBA in 85% yield (entry 5). This reaction condition was successfully applied to the syntheses of 5-substituted-3-nitro-HBA derivatives. As a result, when 3-chloro-4-HPG and 3-bromo-4-HPG were reacted with 50% nitric acid at 60 o C for 12 hr, the corresponding aldehydes were obtained in 72% and 70% yields, respectively (entries 7-8). However, when the reaction was extended to 24 hr, 3,5-dinitro-4-HBA was obtained as the major product in 77% yield (entry 6). For the purpose of reducing the reaction time, reflux condition was also investigated with our system. Surprisingly, our optimized reflux conditions completely converted 4-HPG into 3,5-dinitro-4-HBA within 1 hr, which was eventually converted into picric acid when the reaction was extended to 12 hr (entry 9 formation of picric acid, to the best of our knowledge, this result was the first example of synthesis of picric acid from the aromatic amino acid compound in a single step. The similar results were also obtained when 4-HBA and 3-nitro-4-HBA were reacted with 50% nitric acid for 12 hr under reflux condition. As an extension of these results, when the same reflux condition was applied to 3-chloro-4-HPG and 3-bromo-4-HPG, the corresponding 2-chloro-4,6-dinitrophenol and 2-bromo-4,6-dinitophenol were successfully produced with good yields (entry 10-11). It is of interest to note that 3-nitro-4-HPG, our initial objective compound, was synthesized under diethyl ether/HNO3 condition. Therefore, as shown in Scheme 2, 4-HPG can be selectively transformed into 4-HBA, its nitro derivatives, picric acid, or 4-nitro-HPG with aqueous nitric acid in a single step, simply by selecting appropriate reaction conditions. In summary, we have discovered a novel, one-pot procedure for synthesizing 4-HBA, various 4-nitro-HBA derivatives, and picric acid from 4-HPG by using HNO3/H2O system. This method is the first report to describe a method for synthesizing various aromatic aldehydes and picric acid from an aromatic amino acid using simple aqueous acid condition. Our method has advantages over previously-described methods due to a simple work-up procedure, high product purity, good yields, and a cheap water solvent system.
Notes

Experimental Sections
H-NMR and
13 C-NMR spectra were recorded on a Varian Mercury 400 spectrometer. Melting points were determined on a Fisher-Johns melting point apparatus and were uncorrected. Mass spectra were measured on a Shimazu LCMS-2010EV (Chiyoda-Ku, Tokyo, Japan) mass spectrometer.
General procedure for the preparation of 3-nitro-4-hydroxybenzaldehyde from 4-hydroxyphenylglycine. 4-Hydroxyphenylglycine (500 mg, 2.99 mmol) and nitric acid (5 mL) in water (5 mL) were stirred at 60 o C. After 12 hr, the reaction mixture was cooled to 0 o C. The precipitate was filtered, washed with diethyl ether, and dried to afford the product as a yellow solid (425 mg, 85%). 
4-Hydroxybenzaldehyde
